Broiler chickens are fast growing monogastric animals considered a sensitive test species to evaluate the safety and nutritional equivalence between transgenic and non-transgenic grains as part of the human safety evaluation process. DAS-44406-6 soybean expresses three herbicidetolerant proteins: the aryloxyalkanoate dioxygenase-12 (AAD-12) enzyme which provides tolerance to 2,4-dichlorophenoxyacetic acid (2,4-D) herbicides, the double-mutant 5-enolpyruvylshikimate-3-phosphate synthase (2mEPSPS) enzyme encoded by a modified version of the epsps gene from maize (Zea mays), which provides tolerance to glyphosate herbicides, and the phosphinothricin acetyltransferase (PAT) enzyme from Streptomyces viridochromogenes, which provides tolerance to glufosinate herbicides. A 42-day broiler study was conducted with diets containing toasted DAS-44406-6 soybean meal to evaluate nutritional wholesomeness and safety compared with non-transgenic, near-isoline soybean and conventional comparators. The study used a randomized complete block design with five dietary treatments assigned randomly within six blocks of 12 pens per treatment, with 10 birds per pen. Broiler performance and carcass parameters were measured over a 6-week period of exposure to diets containing different sources of toasted soybean meal and hulls. Among the 13 endpoints measured, only thigh weight was numerically different between birds fed DAS-44406-6 soybean meal and those fed isoline soybean meal. However, no significant differences to thigh weight were observed between birds fed DAS-44406-6 soybean and any of the non-transgenic reference varieties. Results indicate that DAS-44406-6 soybeans are nutritionally equivalent to conventional varieties.
INTRODUCTION
To date, foods arising from genetically modified crops have proven to be as safe and nutritious as their nontransgenic counterparts. Nevertheless, new transgenic varieties are required by regulatory agencies to be rigorously evaluated for potential risks. Among the assessments required by regulatory agencies are studies to investigate the nutritional equivalency between transgenic and non-transgenic crop varieties. This is primarily accomplished through a compositional assessment. Once compositional equivalency has been established, nutritional equivalency can be assumed (EFSA, 2008) . The composition of DAS-44406-6 soybean has been shown to be equivalent to non-transgenic varieties (Lepping et al., 2013) . Nevertheless, regulations often also require animal studies to be performed. The modern high-yield broiler experiences tremendous growth C 2016 Poultry Science Association Inc. Received May 9, 2016. Accepted October 5, 2016. 1 Corresponding author: rdekmay@dow.com during the first six weeks and is, thus, very sensitive to nutritional differences in the diet.
Genetically modified DAS-44406-6 soybean was transformed using a single vector containing aad-12, 2mepsps, and pat gene expression cassettes into the soybean line Maverick. The resulting transformed product expresses three herbicide-tolerant proteins: the aryloxyalkanoate dioxygenase-12 (AAD-12) enzyme which inactivates 2,4-dichlorophenoxyacetic acid (2,4-D), the double-mutant 5-enolpyruvylshikimate-3-phosphate synthase (2mEPSPS) enzyme which provides tolerance to glyphosate, and the phosphinothricin acetyltransferase (PAT) enzyme from Streptomyces viridochromogenes, which provides tolerance to glufosinate herbicides.
The objective of this study was to determine whether transgenic DAS-44406-6 soybean meal (SBM) is substantially equivalent to its conventional counterparts that have a history of safe use in broiler rations.
MATERIALS AND METHODS
The experimental design of this study mimicked those previously described by (Herman et al., 2011a (Herman et al., , 2011b 
Soybeans and Diet Formulation
DAS-44406-6 soybean and isoline soybean were produced and harvested concurrently in Indiana, United States. Three commercialized non-transgenic reference varieties of similar maturity, Dairyland 99915, Porter 75148, and Williams 82, were produced and harvested in Nebraska, United States, as additional comparators. All soybean lots were processed into dehulled, solventextracted SBM at GLP Technologies (Navasota, TX).
Soybeans were cleaned, dehulled, heated, cracked, and flattened between rollers. The flakes were submerged in hexane to extract the oil. Solvent from the resulting meal was removed by evaporation. The meal was further toasted.
Whole soybeans were fed into an A.T. Ferrell roller mill (A.T. Ferrell Co., Bluffton, IN) to crack the hull and free the kernel. After hulling, the moisture of the kernels was adjusted to 13.5% and allowed to temper for at least twelve hours before further processing. Hull material was discarded. Kernel material was heated to 160 to 175
• F and held for 20 minutes in a Munson mixer (Munson Machinery Company, Inc., Utica, NY). After heating, the kernels were flaked in the A.T. Ferrell flaking roll with a gap setting of 0.008 to 0.013 inches. Flakes were fed into a Readco/Teledyne continuous processor (Readco Kurimoto, York, PA), where they were extruded into collets by direct steam injection and compression. Collets exited the processor at 200 to 260
• F. As the collets exited the processor, they were ground in a C.S. Bell disc mill (C.S. Bell Co., Tiffin, OH). Ground material was dried in an oven at 150 to 180
• F for 30 to 40 minutes. Ground collets were placed in stainless steel batch extractors and submerged in 120 to 140
• F hexane. After 30 minutes, the miscella was drained and reclaimed hexane was added to repeat the cycle two more times. Final washes were for 15 minutes each. Extracted meal was desolventized and toasted in the steam jacketed Reliance Industries mixer. Steam was injected directly on the material until the product temperature reached 218 to 222
• F. Steam injection was stopped and the material heated to 220 to 240
• F and held for approximately 45 minutes. Toasted meal was screened utilizing a screen cleaner equipped with an 8/64 inch screen. Meal was stored under standard conditions except for analytical samples, which were stored at −20
• C. For identity verification purposes, the presence/absence and levels of the AAD-12, 2mEP-SPS, and PAT proteins were quantified in DAS-44406-6 and isoline grain and SBM using validated quantitative ELISAs (Hill et al., 2015) .
Composition of test soybean meals can be found in Table 1 . Starter, grower, and finisher diets were formulated to meet or exceed National Research Council requirements (Table 2-4) using the analyzed values for soybean meal and corn, and calculated values for minor ingredients. Diets were formulated on a metabolizable energy and available amino acid basis using standard digestibility values for soybean meal and corn. The soybean meal incorporation rate was maintained constant across treatments within each phase with the formulation adjusted to maintain similar nutritional profiles at the following rates to mimic commercial practice: starter, 39%; grower, 35%; and finisher 31%.
Stock and Management
Three hundred Ross/Ross 708 male and three hundred female broiler chicks were randomly assigned to one of five treatment groups. Each treatment group consisted of six male pens and six female pens (12 replicates per treatment) consisting of ten birds each for a total of one hundred and twenty birds per treatment. Treatments consisted of diets containing either DAS-44406-6 soybean meal, non-transgenic near isogenic (isoline) , 2010) . Any birds that died or were removed in extremis were subjected to gross necropsy and findings noted. After obtaining initial body weights at day 1, body weight, feed consumption, and feed conversion ratio per pen were determined at day 14, 28, and 42. Upon reaching market age (day 42), 3 birds per pen were selected for further processing and carcass measurements. Upon arrival at the processing plant, the birds were humanely euthanized by cervical dislocation, immediately followed by exsanguination. The carcasses were then defeathered and feet removed prior to evisceration. Liver and abdominal fat pad weights were recorded. After an approximate 1-hour chill in an ice bath at approximately 2 • C, the market dressed carcass weight and muscle (breast, thigh, leg, and wing) weights were recorded to determine carcass yield for each broiler.
Experimental Design and Statistical Analysis
The data were analyzed as a split plot design with 12 replications (6 male, 6 female) that were considered as the main plot and the five dietary treatments and replication × treatment (four and 44 degrees of freedom, respectively) considered the subplot. The six replications of males and the six replications of females were allotted within the main plot in a randomized block arrangement, with block representing position in the building. Blocks and gender were tested with block × gender as the error term. The transgenic group was individually compared with its near-isogenic control and the commercial groups using a Dunnett's test. A Dunnett's test was used to control the familywise error rate due to the number of comparisons in this study. In all instances, pen was considered the experimental unit. Probabilities of < 0.05 were considered statistically significant.
RESULTS AND DISCUSSION
AAD-12, 2mEPSPS, and PAT proteins were detected in DAS-44406-6 grain prior to processing at a mean concentration of 33.8 ng/mg, 19.1 ng/mg, and 2.5 ng/mg, respectively, and not detected in isoline grain. Following processing of grain into SBM, the AAD-12, 2mEPSPS, and PAT protein was not detectable in either DAS-44406-6 or isoline meal (proteins are known to be denatured by heat). Compositional equivalency has previously been established between DAS-44406-6 soybean and non-transgenic varieties (Lepping et al., 2013) . Nevertheless, a lower crude protein content was observed for the isoline soybean meal compared with the other test meals: likely a result of a larger proportion of the hulls material remaining with the kernel during processing. Since diets were formulated on analyzed values and on a digestible nutrient basis, no differences to broiler performance were anticipated. Indeed, no statistical differences were observed between broilers fed DAS-44406-6 soybean and those fed the non-transgenic soybean of the same genetic background (isoline) for starting and final weight, average daily gain, feed intake, feed conversion, and mortality. Sporadic differences to average daily gain, feed to gain, and final weight were observed between broilers fed DAS-44406-6 soybean and one or two of the reference varieties (Table 5) . Similarly, no significant differences were observed for cold dress weight, breast weight percentage, leg weight percentage, wing weight percentage, fat pad weight percentage, and liver weight percentage between broilers fed DAS-44406-6 soybean and broilers fed isoline soybeans (Table 6 ). Although, a significant difference was observed to thigh weight percentage (isolinediet group had lowest thigh weight among the five grain sources in the study), no significant differences were observed for any carcass component weight when comparing broilers fed DAS-44406-6 to any of the commercial reference varieties.
The most direct comparison is that between DAS-44406-6 soybean and its non-transgenic near-isogenic comparator, in which the only expected difference is that of the DAS-44406-6 event, i.e., same genetic background, grown concurrently to limit environmental differences. Looking at this comparison, only a difference to thigh weight percentage, but not breast, leg, wing, cold dress weight, or final live weight was observed. Since no differences to thigh weight were observed when comparing birds fed DAS-44406-6 with birds fed nontransgenic reference varieties, the difference is deemed to be likely spurious (5% false detection of statistical differences expected at the 0.05 alpha threshold).
There is an ever growing body of evidence that transgenic soybeans are as safe and as nutritious as conventional soybeans. The lack of an effect on broiler performance is consistent with the results of similar broiler studies using transgenic soybeans (McNaughton et al., 2007 (McNaughton et al., , 2008 (McNaughton et al., , 2011 Herman et al., 2011a) . The results of the study presented here provide additional evidence to support the safety and nutritional quality of transgenic soybeans, and DAS-44406-6 soybean in particular, as determined by broiler performance metrics and carcass component weights.
